Background In health inequalities research there is a growing impetus to examine the development of inequalities in health over time. However, many of the sources of longitudinal data in Britain are not designed specifically for health research. Typically, health status is assessed by self-reported problems and the use of symptom checklists.
Introduction
This paper presents a secondary analysis that develops a model of latent health status derived from a checklist of health problems and symptoms. In health inequalities research there is a growing impetus towards an examination of the development of inequalities in health over time. 1 For secondary analysts, one obstacle to carrying out in-depth substantive research is the lack of longitudinal data with widespread coverage of health status, home and work conditions, and lifestyle. In a recent review, Saunders et al. 2 identified 'non-medical' datasets that could be used to monitor health status and well-being. Of the multi-thematic datasets identified, the British Household Panel Survey (BHPS) is the only resource that satisfies the criterion of combining breadth of data with repeated surveys of the same individuals over time.
Each year, BHPS respondents were given a checklist of 13 health problems and symptoms and asked to endorse all those that applied to them. There have been suggestions that selfreported health using a checklist may give a biased picture of the health of the nation, as prompting may lead to excessive reporting of minor health problems. 3, 4 However, a study designed to examine this phenomenon found that the presentation of a checklist of conditions in a community survey encouraged the reporting of ill-health by the genuinely ill. 5 The challenge here is to attempt to reduce the extent of the health information into a smaller number of manageable indicators. Typically, researchers simply sum the number of positively endorsed health problems to give an overall score of health status, although this approach has been criticized because equal weight is given to health problems regardless of their severity. 3 We seek to identify an underlying structure to the binary responses to the 13 health items, which may be qualitatively more informative than a summative health score.
Method

Study population
The BHPS is a longitudinal survey of private households containing approximately 5500 households and 9000 men and women. The initial sample was a two-stage stratified cluster design, using individual addresses within postcode sectors. The first wave of fieldwork took place between September and December 1991. Households have been revisited annually. All eligible household members aged 16 and over are interviewed in the selected households each year. The variables described below have been collected in each year of the nine waves from 1991 to 1999, with the exception of the SF-36, which was administered only in 1999.
Measures
Checklist of health problems and symptoms
Each year, respondents were asked to endorse any of a list of 13 health problems and symptoms that applied to them with the question: 'Do you have any of the health problems or disabilities listed on this card? EXCLUDE TEMPORARY CONDITIONS.' The list of health problems and the frequency with which these problems were endorsed is shown in Table 1 . The wording in the table is that which was shown to the respondents on the show card.
Health functioning
Respondents completed the SF-36 6 in the 1999 survey. The 36 items are coded dichotomously ('yes' or 'no' responses) and summed into eight dimensions of health functioning: General health; Mental health; Physical functioning; Social functioning; Pain; Energy/vitality; Role limitations due to physical problems; Role limitations due to emotional problems. The scores are transformed using a scoring algorithm into eight scales ranging from zero (worst health state) to 100 (best health state).
Self-reported health
Self-reports of health status were obtained from four separate assessments: general self-assessed health; psychological health; limitations to daily activities; disability status.
Poor general self-assessed health. Respondents were asked: 'Please think back over the last 12 months about how your health has been. Compared to people of your own age, would you say that your health has on the whole been excellent, good, fair, poor, very poor, don't know?' Answers were taken as an indication of general self-assessed health and coded zero (excellent/good) or one (fair/poor/very poor).
Poor psychological health. Psychological health was assessed using the 12-item General Health Questionnaire 7 designed to detect non-psychotic psychiatric disorders. The positive responses to the 12 items are summed, and those scoring more than two are considered to have poor psychological health indicative of risk for minor psychiatric morbidity. [7] [8] [9] Limitations to daily activities. Respondents were classified as being limited by their health from the question: 'Does your health in any way limit your daily activities compared to most people of your age?' Disability status. Respondents were identified as disabled by the question: 'Are you registered as a disabled person, either with Social Services or with a green card?'
Medical services usage
General practitioner (GP) attendance. Frequency of visits to a GP in the preceding 12 months was recorded on a five-point ordinal scale: none, 1-2 visits, 3-5 visits, 6-10 visits, more than 10 visits. GP attendance was dichotomized into those visiting their GP up to three times in the previous 12 months and those visiting their GP more than three times.
Hospital in-patient. Respondents were asked whether they had been admitted to hospital in the 12 months preceding the inter- 
Mortality
The reason for non-response in the 1992-1999 follow-ups was recorded. From this, it was possible to identify individuals who had died during the year following their last interview.
Statistical analyses
The latent class models
Under latent class theory, 10 individuals are assumed to belong to one of a number of unobserved categories. In the present analysis, these categories represent classes of health status. By varying the number of classes, we formulate different model specifications. Hypothetical specifications of the latent classes are used as initial values for the parameters to be estimated but, as for exploratory factor analysis, the final composition of the classes may not be consistent with a priori expectations. Latent class analysis (LCA) allows us to estimate the posterior probability P(c/Y) of membership in latent class c for an individual with an observed response pattern Y. The parameters that drive these estimates are both the unconditional probabilities of being in each latent class of the model and the probabilities of endorsing a specific set of health problems and symptoms given membership of each of the latent health classes. Having selected the bestfitting latent class model using the various criteria outlined below, P(c/Y) can be calculated for each class in the model for all observed response patterns Y. Individuals are then assigned to the latent class that has the maximum estimated probability of class membership for a particular response pattern.
Four models of increasing complexity were specified to be tested. Model 1 represents the null model whereby there is a single latent health class underlying all the response patterns for the checklist of 13 health problems and symptoms. Model 2, the most parsimonious of the substantive models, suggests that there are two latent health classes: those with good health and those with poor health. Model 3 suggests that there are three latent health classes: those with good health, those with psychological health problems and those with physical health problems. Model 4 proposes that there are four latent health classes: those with good health, those with psychological health problems only, those with physical health problems only and those with comorbid physical and psychological health problems.
Assessment of goodness-of-fit
The LCA is carried out using WinLTA. 11 Model parameters are estimated by the EM algorithm based on data from eight waves of the BHPS (1991-1998). Goodness-of-fit is initially assessed by means of three goodness-of-fit indices: the likelihood ratio statistic G 2 ; Pearson 2 ; and the non-centrality index (NCI). 12 Collins et al. 13 warned that G 2 and 2 statistics may present some problems as a result of the sparse contingency tables on which they are based. These statistics are roughly equal to the degrees of freedom for a well-fitting model but may be downwardly biased in the presence of rare response patterns. The NCI goes some way to offsetting these problems. It normally ranges from zero to one but may exceed one as a result of sampling error. NCI values greater than 0.90 are taken to indicate an approximate fit of the model to the data and values greater than 0.95 indicate a close fit.
Following Collins et al., 14 we use cross-validation techniques to select which of the proposed models is the best approximation to reality. A model is applied to the data for each of the years 1991-1998 in turn (the calibration samples). Then the fitted model for each calibration sample is applied to the data for the other years in turn (the cross-validation samples). From a set of models, the model that cross-validates best is considered to be the best fit.
Prediction of health functioning, self-reported health status, service use and survival
Prediction of health functioning in 1999 from latent health status in 1998 is assessed by a linear regression of the eight SF-36 subscales on the latent classes. For consistency in approach, the results are presented after age and gender adjustment. Time series logistic regression analyses are undertaken to assess the relationship of latent class membership in each year with poor general self-assessed health, psychological morbidity, limitations to daily activities, registered disability status, GP attendance, hospital admission, other health and welfare use, and serious accidents in the following year. A Cox regression analysis is carried out with membership of each latent health class predicting mortality in the following year. The results are given for two age groups: those less than 60 years old (n = 7803 in 1991) and those 60 years or more (n = 2461 in 1991). All the analyses are presented showing both unadjusted odds ratios with the good latent health class set as the reference category and odds ratios adjusted for age and gender.
Results
The latent class analysis
The four latent class models were successfully estimated and their goodness-of-fit statistics compared (see Table 2 ). Both the G 2 and 2 statistics indicate that Model 1 (the null model) is not a good fit to the data. The NCI suggests that Model 1 is an approximate fit only. Thus, there is some underlying structure to the pattern of responses to the health questions. It appears that the goodness-of-fit statistics present some problems as a result of the sparse contingency tables on which they are based, because the likelihood ratio and NCI statistics suggest that Models 2-4 (the substantive models) are over-fitted. Each model is in turn a better fit to the data than the previous more parsimonious model. Model 4 is the best fitting model. However, Model 2 is also judged to be a well-fitting model according to all three fit indices and is preferred on grounds of simplicity and parsimony.
To clarify whether Model 4 is to be preferred over Model 2, both models were submitted to cross-validation. The results indicate that both models cross-validate reasonably well, in that the mean G 2 statistics for the cross-validation samples are similar to those for the calibration samples with moderate variability. However, comparison of fit between the two models gives clear results. All the cross-validations support Model 4 over Model 2. It was therefore decided to accept the more complex solution, a fourclass model.
The model parameters for Model 4, the preferred model, are shown in Table 3 . On examining the estimates of the four-class model, the label for the hypothesized 'psychological health problems' class was changed to 'psychosomatic health problems'. We use the term 'psychosomatic health problems' to refer to a mixed group of health problems that may be exacerbated by psychological or neurological stress. For example, strobe lighting may induce an epileptic episode in vulnerable individuals. Members of the psychosomatic health class are more likely to endorse skin conditions/allergy, chest/breathing, stomach or digestion, anxiety, depression, etc., alcohol or drugs, epilepsy, migraine, and other health problems than members of the Physical health class. Members of the physical health class have a greater propensity to affirm problems with arms, legs etc., sight, hearing, heart/blood pressure and diabetes. Comorbid health problems comprise elements of both the physical and psychosomatic health classes. Members of this class are most likely to endorse the full range of health problems on the checklist.
On average, over the period 1991-1998, 70 per cent of BHPS respondents aged 16-99 years were estimated to be in good health, 12 per cent have psychosomatic health problems, 16 per cent have physical health problems and 2 per cent are estimated to be in the class characterized by comorbid physical and psychosomatic health problems. The model parameters were used to assign latent health classes to respondents for the years 1991-1998 given their response pattern in each year to the 13 items from the health checklist. Table 4 shows mean scores on the eight SF-36 dimensions by latent health class 1 year earlier. The poor latent health classes predicted poorer functioning on all eight SF-26 dimensions than the good latent health class. Although many of the differences between the physical health problems and psychosomatic health problems classes were statistically significant, substantively there was little difference between the two classes except for Physical functioning and Mental health. By contrast, those in the comorbid health problems class had significantly poorer profiles on all eight dimensions of health functioning in the SF-36. Table 5 shows the distribution of poor self-reported health, health and welfare service use and mortality according to latent health class membership. In all cases, members of the good health class had the best outcomes 1 year later and members of the comorbid health problems class had the worst outcomes, with the other two classes occupying intermediate positions. There was a greater prevalence of limitations to health, registered disability, hospitalization, other service usage and mortality 1 year later among members of the physical health problems class than the psychosomatic health problems class. In turn, more members of the psychosomatic health problems class had poorer psychological health than the physical health problems class. When the risk of adverse outcomes was modelled with stratification into two age groups (see Table 6 ), differences in outcome for the two groups emerged. There was greater differentiation between the latent health classes amongst the younger members of the BHPS cohort than those 60 years and over. Nevertheless, even among the older BHPS respondents, the latent health classes predicted poor self-reported health and functioning, service use and mortality independent of the effect of ageing. Although not the focus of this study, differences in age and gender effects in the two age groups can also be observed. For example, serious accidents were more likely among younger male members of the under 60 years group and more likely for older female members of the 60 years and over group.
Prediction of health functioning, self-reported health status, service use and survival
Discussion
In this study, we have taken a list of health problems and symptoms that cannot be systematically related to accepted diagnostic categorization systems and subjected them to an empirical analysis to uncover their underlying structure. Despite their a-theoretical origins, the prevalence of reported health problems strongly agrees with other studies that use a checklist of health problems and disabilities. 5, 15 Discussions of the measurement of health status have emphasized the need to measure health along several dimensions as well as acknowledging its qualitative and quantitative nature. 16 The separation of health along qualitative dimensions such as physical, mental and social functioning is usually implemented 4 but a more recent paper has suggested separation into serious and non-serious problems. 17 The classification uncovered by the latent class analysis supports a system with both qualitative and quantitative dimensions. The physical health problems and psychosomatic health problems classes are clearly qualitatively distinct, whereas there is also a quantitative dimension in the separation of comorbid health problems from either physical health problems or psychosomatic health problems alone and the separation of both these latter classes from the good health class. These observations have clear ramifications for how we conceptualize health and could well motivate better informed models in future analyses. Several other surveys might benefit from using this method (e.g. the 1958 National Child Development Study, where school doctors completed a summary table of abnormal health conditions).
The latent class system is validated by its relationship with a health functioning questionnaire with known psychometric properties and published norms. Mean scores on the eight SF-36 dimensions for the total sample are broadly similar to published norms for a population sample covering the same age range assessed by interview in 1992. 18 Generally, the BHPS respondents showed slightly poorer functioning than the earlier sample, with the exception of Mental health and Role limitations due to emotional problems. Comparing our study with that of Knight et al. 5 also reveals interesting similarities. Their age-and sex-adjusted SF-36 means for two samples aged 18-64 years registered with a GP in the United Kingdom without a chronic disease or disability (n = 18 223) were very close to those for our good latent health class. Again, with the exception of Mental health and Role limitations due to emotional problems, mean scores were within 1-2 points of one another.
The chronic disease group in the Knight et al. study had similar mean SF-36 scores to our psychosomatic health problems and physical health problems classes. In their study, functioning was reported for those with concurrent chronic illness whereas we report on functioning 1 year after identification of health problems. This suggests that either people do not differentiate between long-standing and time-limiting illness (despite instructions in the questionnaire) or that the effects of chronic and temporary health problems are similar. Much work has been undertaken to examine what individuals mean when they respond to general self-assessed health items in surveys. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Perhaps the same attention should be given to how people answer items on limiting long-term illness such as that used in the Census for England and Wales.
The results show an increased use of health and welfare services in the poor health classes using all our indicators of service use. Visits to the GP, out-patient clinics, accident and emergency departments and in-patient hospitalization were also more likely for those with a chronic condition 5 However, Payne and Saul 31 found a significant likelihood of hospitalization only for those with a limiting long-term illness in the 55-94 year age group. Consistent with our work, in a study of 18-64-year-olds, disabling injuries were most common in young men, which were mainly accounted for by sporting accidents. 32 Women reported more accidents in the home and it is likely that this risk increases as women age, contributing to the female excess in the 60 plus age group reported here.
A recent study of a Finnish working age cohort found a twofold increased risk of mortality for men with a chronic disease but no significant risk for women. 22 This is consistent with our findings for the younger age group in the psychosomatic and physical health classes. Reports on the relationship between limiting longterm illness and mortality are also consistent with the results for the younger age group but show a greater mortality risk for older adults than that reported here. 31 It is possible that the method of identifying deaths in the BHPS led to under-reporting in older respondents compared with younger survey members. Nevertheless, in the older age group, the latent health classes predicted mortality even after controlling for age. It has been suggested that health-related variables are more strongly related to the dying process than the ageing process and that professionals should pay more attention to the health of older adults. 33 The latent class approach highlights several important issues. The latent health classes are shown to be especially effective at differentiating between the health and well-being of the workingage population. This is particularly welcome given our focus on the contributions of home and work to the development of health inequalities. 34, 35 The original impetus for this analysis is to be able to examine inequalities in the development of poor health over time. It is initially puzzling that psychosomatic and physical health problems were identified as separate classes given the similarity in health outcomes for these two groups. However, we find that the course of health problems over time differs depending on latent health class membership. For example, 91 per cent of those in the good latent health class were still in good health 1 year later. This contrasts with 40 per cent of those with psychosomatic health problem, 28 per cent of those with physical health problems and 7 per cent of those with comorbid health problems reporting good health 1 year later. We found particularly poor health outcomes and greater service use for those with comorbid health problems. Our findings support a viewpoint 15 that the relationship between health status and use of health services is more complex than that identified with a one-disease approach.
